Reaction of cytidine with semicarbazide in the presence of bisulfite. A rapid modification specific for single-stranded polynucleotide.
Semicarbazide reacted rapidly with 5,6-dihydrocytidine-6-sulfonate, which was formed from cytidine by addition of bisulfite across the 5,6-double bond. The transaminated product, 5,6-dihydro-4-semicarbazido-2-ketotopyrimidine-6-sulfonate ribofuranoside, was identified by comparison with that formed by treatment of 4-semicarbazido-2-ketopyrimidine ribofuranoside with bisulfite. The progress of the transamination was monitored spectrophotometrically by use of a strong absorbance of the product in alkali. The reaction between cytidine and the semicarbazide-bisulfite mixture was optimal at pH 4.5. Complete transformation of cytidine into the product required only 5 min with the use of 3M semicarbazide-1M sodium bisulfite, pH 5.0, at the reaction temperature 37 degrees C. The product was stable in unbuffered solution but in phosphate buffers it underwent elimination of bisulfite to give 4-semicarbazido-2-ketopyrimidine ribofuranoside. The rate of the elimination at pH 7.0 and 37 degrees C increased proportionally with the increase of the phosphate concentration. Complete elimination was obtained by treatment with 1 M sodium phosphate for 2 h. When heat-denatured calf-thymus DNA was treated with 3 M semicarbazide-1 M bisulfite at 37 degrees C and pH 5.0 the transamination of reactive cytosine residues was completed by 10 min of incubation. At 20 degrees C, it required 85 min of incubation. Cytosine residues in native DNA did not react at all even by prolonged incubations. The modified DNA samples were further treated with a phosphate buffer at pH 7, producing 4-semicarbazido-2-ketopyrimidine residues in the DNA. Analysis of the base compositions of these samples by perchloric acid hydrolysis showed that the modification was selective to cytosine, which had been expected from studies with monomers. It also showed that the reactive cytosine residues in the denatured DNA, constitute about 80% of the total cytosine, which was consistent with the view that heat-denatured DNA still contains a considerable amount of secondary structure. The semicarbazide-bisulfite modification is expected to be a sensitive method to locate cytosine residues in single-stranded regions of polynucleotides.